Abstract-As a particular type of multicarrier technique, the filter bank multicarrier with offset quadrature amplitude modulation (FBMC/OQAM) has attracted increasing attention as a potential technology for 5G. However, the intrinsic shortcoming of high Peak to Average Power Ration (PAPR) for FBMC/OQAM should be alleviated. In this paper, a new method that combines Partial Transmit Sequence (PTS) with Tone Reservation (TR) is proposed for the PAPR reduction in FBMC/OQAM system. The union algorithm used PTS to process FBMC/OQAM signal to reduce PAPR, then the result is further processed by clipping to reduce PAPR. Simulation results show that the proposed method provides better performance of reducing PAPR than other two conventional methods.
Multicarrier communication systems suffer from a high PAPR problem. A high PAPR means that, in order to avoid distortions in the transmitted signal, linear amplifiers with large input backoff need to be used. Otherwise Bit Error Rates (BER) performance will deteriorate and nonlinear distortion will be introduced. FBMC/OQAM has its root in the pioneering works of Chang [12] and Saltzberg [13] who introduced multicarrier techniques over two decades ago. Similar to OFDM system, one of the main defects for FBMC/OQAM system is the high PAPR of transmitted FBMC/OQAM signals. In OFDM system, various methods have been proposed to tackle the PAPR problem [14] [15] [16] , including the selective mapping (SLM), Partial Transmit Sequence (PTS) and Tone Reservation (TR) schemes.
Recently, several PAPR reduction schemes for FBMC/OQAM system have been studied [17] [18] [19] [20] [21] [22] [23] [24] . In [17] , [18] , the overlapped SLM (OSLM) scheme and Alternative Signals (AS) scheme have been proposed to reduce the PAPR of FBMC/OQAM signal, these two schemes jointly consider the current data block and the previous data blocks to acquire the optimal phase rotation sequence. Nevertheless, these two schemes need extra spectral band to transmit the phase rotation sequence as side information. In [19] , [20] , a sliding window tone reservation (SW-TR) technique has been proposed. The SW-TR method utilizes the peak reduction tones of several consecutive data blocks to cancel the peak power of the FBMC/OQAM signals inside a window. In [21] , the baseband amplitude clipping method is applied for reducing the PAPR of FBMC/OQAM signals. In [22] , [23] , an improved PTS scheme by employing multi-block joint optimization for the PAPR reduction of FBMC/OQAM was proposed. The above schemes for FBMC/OQAM PAPR reduction require additional processing and increase complexity. In [24] , a hybrid PAPR reduction scheme with SLM and TR for FBMC/OQAM is proposed, the joint algorithm combines the advantages of the two conventional PAPR reduction schemes.
In this paper, a union algorithm based on conventional PTS scheme and TR scheme to reduce PAPR in FBMC/OQAM system is studied. Firstly, the combined scheme utilized PTS to process FBMC/QOAM signal to reduce the PAPR, then the result is further processed by TR scheme to reduce PAPR. As long as the two schemes are selected properly, the hybrid scheme could obtain better PAPR performance and reduce the computational complexity. To the best of our knowledge, a union algorithm based on PTS and TR has not yet been investigated for FBMC/OQAM systems.
The rest of this paper is organized as follows. Section 2 introduces the FBMC/OQAM signal and the conventional PTS and TR scheme. In Section 3, we propose a hybrid FBMC/QOAM PAPR reduction scheme which combines the two conventional schemes to obtain joint PAPR reduction gain. This is the main contribution of this paper. Simulation results are shown in Section 4. Finally, conclusions are drawn in Section 5.
II. FBMC/OQAM SIGNAL MODEL

A. FBMC/OQAM Signals
The FBMC/OQAM transmitter structure is shown in Fig. 1 
In conventional OFDM system, each OFDM symbol length is T , there are no overlaps between adjacent symbol blocks, the definition of peak-to-average power ratio is proposed for each individual OFDM symbol. Fig. 2 shows the overlapping FBM/OQAM signal structure. According to the overlapping structure, the definition of PAPR in FBMC/OQAM system should be corrected. . . 
where   12 , ,... R n n n  denotes the set of tones reserved for peak reduction, C denotes the set of data subcarriers, C is the complement set of in
Then, the peak reduced FBMC/OQAM signal using TR scheme can be written as
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where () ct is the peak reduction signal. By selecting proper peak reduction signal, the FBMC/OQAM signal peak power can be reduced to a certain extent. However, it cannot achieve the same effect of reducing PAPR as that in OFDM system. As we mentioned previously, OFDM signals independently select the proper peak reduction signal for each data block, there is no overlap between the blocks. While in FBMC/OQAM signal, the adjacent data blocks are overlapped. Therefore, using conventional TR scheme to reduce the FBMC/OQAM signal peak-to-average ratio has limited effect.
III. HYBRID METHOD
In this Section, we propose a new union algorithm based on PTS and TR schemes for PAPR reduction of FBMC/OQAM signal. The obtained QAM symbols are passed through a bank of transmission filters and FBMC modulated using N tone modulators whose carrier frequencies are 1/T spaced apart, forming the FBMC/OQAM. Then the FBMC/OQAM symbols are applied sequentially to PTS processing, after getting the optimal signals, then go through to the TR processing. Fig. 3 shows the implementation of Hybrid scheme.
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The hybrid scheme is presented below.
Step 1: Firstly, we assign the PRTs to 0 and add to the data symbol. Partition the input data block into V subblocks.
Step 2: Set all the phase factors 1
vV  , find PAPR of (4), and set it as PAPR min. Then set v=2.
Step 3: Find PAPR of Equation (4) Step 4: If vV  , increment v by one and go back to
Step 3. Otherwise, exit this process with the set of optimal phase factors, b .
Then we obtain the lower PAPR signals ()
PTS
st by PTS method. The signal is followed by TR method.
Step 5: Determine the position of the reserve tones and set the iteration number, and set a signal threshold A
Step 6: The signal is to clip the amplitude of the signal with a predefined threshold. 
In order to reduce the interference to the data tones and avoid bit error rate performance degradation, we utilize an approximate signal () ft to reduce the peak power, which only has nonzero signal on the reserved tones. It needs several iterations to produce () ft.
Step 7: If the maximum number of iteration is reached, the iteration stops. The final peak canceling signal is 
IV. SIMULATION RESULTS
In this section, we present simulation results to verify our analysis. PAPR reduction performances of the proposed hybrid scheme versus the conventional PTS and TR schemes are discussed. The square root raise cosine filter is employed in this paper, the rolloff factor of the filter is 1, the length of the filter () ht is chosen to 4T , where 4
  . The complementary cumulative distribution function (CCDF) is employed to measure the PAPR reduction performance. Table I shows the simulation parameters. Fig. 4 shows the peak canceling signals of hybrid scheme, conventional schemes and original signal. Peak powers of the signal appear in a few points, majority of points have lower powers. It can be found that, compared with the two conventional approaches, the proposed scheme can efficiently reduce the peak powers of the signal.
In Fig. 5 , we show the CCDF curves for TR, PTS and proposed scheme (PTS-TR) with A=2.4, iterations=4 and V=4. The curve "original" is the performance of FBMC/OQAM signal without any PAPR reduction processing. When CCDF= 3 
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 , it is observed that the PAPR could be reduced by about 1.3 dB with the conventional TR, by 1.3 dB with PTS, and by 2.3 dB with PTS-TR, respectively. The PTS-TR scheme outperforms 1 dB than TR scheme and PTS scheme. In Fig. 6 , it is shown that the PAPR reduction performance of the proposed scheme and the two conventional schemes for A=2.4, iterations=4 and V=4, 8, respectively. Compared with the conventional TR scheme, the proposed hybrid scheme can reduce the PAPR performance by about 0.9 dB and 1.6 dB when CCDF is 0.001, V=4, 8 respectively, and compared with the conventional PTS scheme, the proposed scheme can reduce the PAPR performance by about 0.9 dB and 0.7 dB with V=4, 8, respectively. It is obvious that the PAPR reduction performance could be improved with V increasing for the proposed PTS-TR scheme. Fig. 7 , we show the PAPR reductions of the PTS-TR scheme with different clipping threshold, V=4, iterations=4, A is selected as A=2.2, A=2.4, A =2.6. When CCDF= 3 
 , the PAPR reductions of the PTS-TR scheme with A =2.2, A =2.4, A =2.6 are 2.6 dB, 2.3 dB and 2.2 dB, respectively. Obviously, when choose A =2.2, it can achieve the highest PAPR reduction. In the following simulation, A is chosen as 2.2. For V=8, the PTS-TR with i=8 achieves the best PAPR reduction performance. The PAPR could be reduced by 3.4 dB at CCDF=0.001. As show in the simulation results, it can be verified that the proposed PTS-TR scheme provides better PAPR reduction performance than the conventional PTS and TR schemes for FBMC/OQAM system.
V. CONCLUSION
In this paper, we propose a new hybrid PTS-TR PAPR reduction scheme for FBMC/OQAM system. The numerical results show that higher PAPR reduction is achieved with hybrid scheme. Compared with the conventional PTS and TR schemes, the simulation results prove that the signal decreased distortion level and the proposed scheme requires less iterative computation to achieve a certain PAPR reduction. 
